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3UHGLFWLQJWKHIDWHRIHPHUJLQJWUDFHRUJDQLFFRQWDPLQDQWVRIFRQFHUQGXULQJ0%5
WUHDWPHQWEDVHGRQWKHLUPROHFXODUSURSHUWLHV
.&:LMHNRRQ/'1JKLHP),+DL-.DQJ:(3ULFH
8QLYHUVLW\RI:ROORQJRQJ$XVWUDOLD
:H GHPRQVWUDWH WKDW WKH IDWH RI HPHUJLQJ WUDFH RUJDQLF FRQWDPLQDQWV GXULQJ PHPEUDQH
ELRUHDFWRU 0%5 WUHDWPHQW FDQ EH TXDOLWDWLYHO\ SUHGLFWHG E\ DVVHVVLQJ WKHLU PROHFXODU
SURSHUWLHV 7KLV ZRUN IXUWKHU H[SDQGV WKH TXDOLWDWLYH IUDPHZRUN IRU WKH SUHGLFWLRQ RI WUDFH
RUJDQLFUHPRYDOE\0%5WUHDWPHQWUHSRUWHGLQRXUUHFHQWVWXG\>@$VHWRIHPHUJLQJWUDFH
RUJDQLF FRQWDPLQDQWV ZDV VHOHFWHG IRU WKLV LQYHVWLJDWLRQ 7KH UHPRYDO HIILFLHQF\ RI VRPH RI
WKHVH HPHUJLQJ WUDFH RUJDQLFV E\ 0%5 KDYH QRW EHHQ SUHYLRXVO\ UHSRUWHG LQ WKH OLWHUDWXUH
([DPSOHV LQFOXGH SK\WRHVWURJHQV VXFK DV HQWHURODFWRQH DQG IRUPQRQHWLQH DQG 89 ILOWHUV
VXFK DV EHQ]RSKHQRQH R[\EHQ]RQH DQG RFWRFU\OHQH ZKLFK DUH IUHTXHQWO\ IRXQG DW WUDFH
OHYHOV LQQDWXUDOZDWHUDQGUDZVHZDJHLQ$XVWUDOLD >@$ ODERUDWRU\VFDOH0%5V\VWHPZDV
XVHG LQ WKLV VWXG\ )LJXUH  7KH 0%5 V\VWHP ZDV HTXLSSHG ZLWK DQ H[WHUQDO FHUDPLF
PHPEUDQHPRGXOHQRPLQDOSRUHVL]HRIPDWHPSHUDWXUHFRQWUROXQLWDJODVVUHDFWRURI
 / RI DFWLYH YROXPH DLU SXPS DQG LQIOXHQW DQG HIIOXHQW SXPSVZKLFKZHUH FRQWUROOHG E\ D
SHUVRQDO FRPSXWHU7KH0%5V\VWHPZDVVHHGHGZLWK VOXGJHREWDLQHG IURP WKH:ROORQJRQJ
:DVWHZDWHU7UHDWPHQW3ODQWLQ:ROORQJRQJ$XVWUDOLD$V\QWKHWLFZDVWHZDWHUZDVXVHGLQWKLV
VWXG\DQGWKHFRPSRVLWLRQRIWKLVV\QWKHWLFZDVWHZDWHULVDYDLODEOHHOVHZKHUH>@$IWHURYHU
GD\V RI DFFOLPDWLVDWLRQ WUDFH RUJDQLF FRQWDPLQDQWV ZHUH FRQWLQXRXVO\ LQWURGXFHG LQWR WKH
V\QWKHWLFZDVWHZDWHUHDFKDWDFRQFHQWUDWLRQRIDSSUR[LPDWHO\J/7KH0%5V\VWHPZDV
RSHUDWHG XQGHU D FRQVWDQW FRQGLWLRQZLWK WKH K\GUDXOLF UHWHQWLRQ WLPH WHPSHUDWXUH GLVVROYHG
R[\JHQFRQFHQWUDWLRQDQGPL[HGOLTXRUS+RIK&PJ/DQG
UHVSHFWLYHO\7KHPL[HGOLTXRUVXVSHQGHGVROLGFRQFHQWUDWLRQ LQWKHUHDFWRUZDVPDLQWDLQHGDW
J/E\ZLWKGUDZLQJWKHH[FHVVVOXGJHHYHU\±GD\VUHVXOWLQJLQDVOXGJHUHWHQWLRQ
WLPHRIDSSUR[LPDWHO\GD\V

)LJXUH6FKHPDWLFGLDJUDPRIWKH0%5V\VWHP

&RQFHQWUDWLRQ RI WUDFH RUJDQLFV LQ WKH DTXHRXV SKDVH ZHUH GHWHUPLQHG XVLQJ D SUHYLRXVO\
GHYHORSHGPHWKRGLQYROYLQJVROLGSKDVHH[WUDFWLRQ63(IROORZHGE\*&06TXDQWLILFDWLRQ>@
$QXOWUDVRQLFDWLRQVROYHQWH[WUDFWLRQWHFKQLTXHZDVXVHGWRH[WUDFWWKHWUDFHRUJDQLFVIURPWKH
VOXGJH6OXGJHVDPSOHVZHUHILUVWFHQWULIXJHGDQGWKHVROLGSHOOHWZDVIUHH]HGULHGDW±&
DQG PEDU XVLQJ DQ$OSKD  /'3OXV IUHH]H GU\HU  7KHGULHG VOXGJHZDVJURXQG LQWR
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SRZGHUSULRU WR WKHVROYHQWH[WUDFWLRQSURFHVV7KHH[WUDFWHGDQDO\WHVZHUH WKHQGLOXWHGZLWK
0LOOL4 ZDWHU DQGZHUH DQDO\VHG XVLQJ WKH VDPH63(*&06 DQDO\WLFDOPHWKRG XVHG IRU WKH
DTXHRXVVDPSOHVDVGHVFULEHGDERYH$OODQDO\VHVZHUHFRQGXFWHGLQGXSOLFDWH
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)LJXUH  7UDFH RUJDQLF UHPRYDO E\ WKH0%5V\VWHPXQGHU VWDEOH RSHUDWLQJ FRQGLWLRQV 7KH
HUURUEDUVUHSUHVHQWWKHVWDQGDUGGHYLDWLRQRIVDPSOHVFROOHFWHGRQFHDZHHNRYHUZHHNV

5HVXOWV UHSRUWHGKHUHKLJKOLJKWK\GURSKRELFLW\DVDVLJQLILFDQW IDFWRUJRYHUQLQJ WKHUHPRYDORI
WUDFH RUJDQLFV IURP WKH DTXHRXV SKDVH 7KH UHPRYDO HIILFLHQFLHV RI DOO  YHU\ K\GURSKRELF
WUDFHRUJDQLFVLH/RJ'!DWS+VHOHFWHGLQWKLVVWXG\FRQVLVWHQWO\VKRZHGKLJKUHPRYDO
HIILFLHQFLHVRIRUDERYH)LJXUH2IWKHFRPSRXQGVVHOHFWHGLQWKLVVWXG\IRXULH
SURSR[XU GLFORIHQDF FDUEDPD]HSLQH DQG DWUD]LQH VKRZHG UHPRYDO HIILFLHQFLHV RI
DSSUR[LPDWHO\  RU EHORZ 7KHVH ORZ UHPRYDO HIILFLHQFLHV FDQ EH DWWULEXWHG WR WKHLU ORZ
K\GURSKRELFLW\ DQGPRUH LPSRUWDQWO\ WKH RFFXUUHQFH RI VWURQJ HOHFWURQZLWKGUDZLQJ IXQFWLRQDO
JURXSV(:*VVXFKDVFKORULQHDQGDPLGHLQWKHLUPROHFXODUVWUXFWXUHDVSUHYLRXVO\GHOLQHDWHG
E\7DGNDHZHWDO >@5HVXOWV UHSRUWHG LQ WKLVVWXG\DOVRVKRZ WKDW WKH IDWHRI WUDFHRUJDQLF
FRQWDPLQDQWV LV DOVR JRYHUQHG E\ WKHLU PROHFXODU SURSHUWLHV 7KH FRQFHQWUDWLRQ RI WUDFH
RUJDQLFV LQ WKH VOXGJH SKDVH LQFUHDVHG DIWHU WKH\ KDG EHHQ LQWURGXFHG LQWR WKH V\QWKHWLF
ZDVWHZDWHURQO\LIWKH\FRQWDLQ(:*VLQWKHPROHFXODUVWUXFWXUHRUDQGDUHK\GURSKRELF,QIDFW
WKHFRQFHQWUDWLRQVRIDOOFRPSRXQGVZLWKORJ'DWS+RIDERYHLQWKHVOXGJHSKDVHZHUH
QHJOLJLEOH EHFDXVH WKH\ GR QRW KDYH (:*V LQ WKHLUPROHFXODU VWUXFWXUH DQG WKXV DUH UHDGLO\
ELRGHJUDGDEOH 2Q WKH RWKHU KDQG WKH DYHUDJH FRQFHQWUDWLRQ RI WULFORVDQ LQ WKH VOXGJH ZDV
 QJJ DQG ZDV WKH KLJKHVW RI DOO FRPSRXQGV LQYHVWLJDWHG LQ WKLV VWXG\ 7KH KLJK
FRQFHQWUDWLRQRIWULFORVDQLQWKHVOXGJHFDQEHH[SODLQHGE\LWVYHU\KLJKORJ'YDOXHRIDW
S+DQGWKHSUHVHQFHRIDVWURQJ(:*LHFKORULQHLQLWVPROHFXODUVWUXFWXUHZKLFKUHQGHUV
WKH FRPSRXQG YHU\ SHUVLVWHQW WR ELRORJLFDO GHJUDGDWLRQ 7KH FRQFHQWUDWLRQ RI WULFORVDQ DQG
RWKHUFRPSRXQGVLQWKHVOXGJHZDVUHODWLYHO\FRQVWDQWRYHUWKHZHHNVGXUDWLRQRIWKLVVWXG\
DQGWKLVFDQEHDWWULEXWHGWRWKHUHJXODUUHPRYDORIH[FHVVVOXGJH,WLVQRWHZRUWK\WKDWDPDVV
EDODQFHFDOFXODWLRQUHYHDOVWKDWELRGHJUDGDWLRQDFFRXQWVIRURIWKHIDWHRIWULFORVDQGXULQJ
0%5 WUHDWPHQW )LJXUH  ,Q FRPSDULVRQ WKH FRQFHQWUDWLRQV RI SURSR[XU GLFORIHQDF
FDUEDPD]HSLQH DQG DWUD]LQH ZKLFK DUH QRW YHU\ K\GURSKRELF DQG KDYH VKRZQ ORZ UHPRYDO
HIILFLHQF\ IURP WKHDTXHRXVSKDVH LQ WKHVOXGJHZHUHHLWKHUQHJOLJLEOHRUFRQVLGHUDEO\ ORZHU
WKDQWKDWRIWULFORVDQ)LJXUH5HVXOWVUHSRUWHGLQ)LJXUHSURYLGHHYLGHQFHRIWKHHQKDQFHG
ELRGHJUDGDWLRQSKHQRPHQRQZKHQWUDFHRUJDQLFVFDQDGVRUELQWRWKHVOXGJHDQGVXEVHTXHQWO\
EHELRGHJUDGHG,QDGGLWLRQUHVXOWVUHSRUWHGKHUHVXJJHVWWKDWWKHIDWHRIWUDFHRUJDQLFVLQERWK
WKHDTXHRXVDQGVOXGJHSKDVHVFDQEHSUHGLFWHGE\DVVHVVLQJWKHSUHVHQFHRI(:*VLQWKHLU
PROHFXODUVWUXFWXUHDQGWKHLUK\GURSKRELFLW\
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

)LJXUH)DWHRIWUDFHRUJDQLFVZLWKVWURQJHOHFWURQZLWKGUDZLQJIXQFWLRQDOJURXSVGXULQJ0%5
WUHDWPHQW
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